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SUDALY

Curtent  design  of  permanent  magnet  wigglers
undulaiors use cither pure charge sheel coguivalent matering
(USEN) or the CStM-Stesl hybrid configuration, Hybrig
confiqutations offer higher “eld steength at small gaps,
field distributions dominated by the pole surfaves and pole
tuming.  Mominal prrfonmance of the hybrid is generally
predicted wsing a 7.0 magnetic design code neglecting
transverse ocometry,

Magnetic  measurements  are  presented  showing
transverse canfiguration influence un performance, from a
combination uf models using CSEMs, REC (e = 9,2 kDo)
and Mdbe (14 = 10.7 kDe), cifferpnt pole widths and end
canfigurations. [Results shaw peak field improvement using
NdFe in place of REC in identical madels, gap peak field
decrease with pole width decrease (all resylts less than
computed 2-D fields), transverse gap field istributions, and
importance of CSEM material overhanging the pales in the
Lransveese direction for highest gap fields.

Introduction

Presently there is considorable interost in iagnelic
steuctures for insertion devices (winglers/unoulators) useis in
electron storage tings o provide both entanced amd quasi
monochramatic synchrotron radiation and for free electron
tasers gencrating coherent radiation.

Frztmanenl magnet struclures are particulacly attractive
fur those applications because of their inherent simplicity
and ore often the only design aliernative with short period
lesgths (¢ 50 em). WILh short periods no;mal econduciing
eleetrotagnetic structures become desiyn fimited by coil
it tramint, supnreonducting olcclramagnetic structures
suffer Trom complexily and become eureenl, density design
imited.?

Current design of prrmanent magnet  strictures use
ither Lhe pure cha:qe sheet equivalent material (CSEM) or
the U504 - steel bybeud configuration,  Advaetages of e

.51 13 -sterl hybrid configuration when comipared to the pure
L5 14 configuration are:

1. ihe achievable finld strength for small yup to
period ienylh f/X) ratios is considerahly higher.

2. The field distribution is dominated by the shape of
the pole surfaces, making the Nicld sbrength aeg
distributien much less dependend on the CSkL
material properlLios.

The peak fiels al cach pole can be tuned wilh
variable Tlux shunts aL each pole.

-

Compulalignal Pracedures

e pompuler code PANDIRAY prrforms Lhe two
dimensional inodeling of magnet componcats,  PANDIRA
accounts for nonfincar permeability and the: anisotropy of
permanent magnet  materials.  Caleulations have shuwn
eacedlent agreement with measured reswlts where the 2-D
aszumplions are appropriaty i.c. where the magaet pole 1
sufficiently wide, Fig. 1a shows a wigyler iross seation, cut
aloewg the beasy axis, Fig tb shows the oross scelion
qeametry as nodelied with PANDIHA, where syminetries are
used Lo minimize Lhe mode! size.
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Figurc 1

validity Vimits  of  the 2.0 assumption  for
wiggler/undulator  (w/fu)  asscmblivs was  a  primary
molivativn for the study reported here. Fig, 3 compares the
ineasurcd values of central ficld for pole assemblics of
several widths, with the resulls from a 2.D PANDIRA
model, which has infinite pole width,  As expectod,
agreeiment increases with increasing pole width.

However, betler agreement can be oblained bstween
theory and measurcinenl than s sugyested in Fig. 3, by
auymenting the computer motieling with olher analytical
procedures,  In o considering the -0 featurns of wiu
agsemblios and relating them tu analytical procedures, the
effeels which coalribute Lo the scalur potential value on the
ol surface are separated from the effects which influcnce
the resulting maynetic field distribution due to that scalar
pntential value. The method can accurately predict pole
surface scalar potential value but s limited in relating the
sealar potential value tw central licld value for narrov oles.

Dctermining the pole surface scalar potential involves
the calculation of magnotie Fflux throught the various
surfaces of the pole that are ignored in the 2-0) anatysis of
the configuration shown in Fig 1b. These esleulatiois may
use cither analylical models or POISSON3 runs. The
combinativn of compuler and analytical technigues is a
pscudo 3-1) analysis that amounts Lo the integration of 2.1
ficld cffects over all pole surfaces. All the significant
contributions to the total flur inlo the pale are accaunted
fur. This determines the pole surface scalar poteotial
vajue. {Fluw through 3-) pole corners is not accounted for:
however, Lhis effect is generally very sinail), The predicted
central field value is obthined by comparing the calculated
scalar potential value to the 2-0) scalusr potential and the
corresponding central ficld valug from the 2-D PANIIRA
analysis. 1t 15 assumed that the ratio of central fisld ang
scalar potenlial reinaing the same for the 3:tual $-0 pole
assembly, This assumption doos not take inte accounl the
diminution of the transverse Neld due to finite pole width; a
theoretical/analytical  procedure 15 cutfently  wnder
devitlopment. to account for this effect. fhese techninuos
il be described in detail in a papor to be published,
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Modei Tests

Yo determine cxperimentally the influence of transverse
wicth and configuration on petfocmance of the CSEM-Stent
hybeid magnetic  structuce, a2 rumber of single pole
assemblies were fabricated, each inserted into a stecl test
fixture and measured rnlgnetically.“ Pole matecial was
either Vanadium Permendur or steel and the active material
was cither Rare Earth Cobalt (REC) or Neodymium lron
(NdFe), The test fixture simulated the effcot of adjacent
poles by providing Neumann boundary conditions at
appropriate symmetry planes. Mid pole - midplane gap field
measurements were made transversely with a Hall probe.

Ta determine the feld improvement of NdFe when
compared to REC, NdFe blocks {Hp = 1D.7 kOg) were
substituted for REC (Ha = 9.2 kOe) in a pole assemblsy
designed for optimum performance with REC material.
The increase in peak field is shown for various g/ ratios
in Fig. 2. At large g/h ratios the full 16% increase in the
He results in a 16% increase in gap field. As the g
ratio decreases ficld increase is loss due to pole saturation.
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Figure 2 e

To cxamine the cffect af finite pole width on peak f.eld,
tests, using three different pole widths in conjunction with
theee different transverse end configuraticns of CSEM
(REC) were carricd out and scsults are shown in figures 3
and 4, Figure 3 shows the differpnce between the computed
peak  field, wsing 2-D modeling {PANDIRA) and the
measured peak ficld, which is normalized with the computed
peak field, as a function 2f the g/ ratio, In all cases the
measurcd field is less (from 3-39% less) than the computed
field because of the finite width. Also shawn are that the
differences are less for small g/\ ratios where the width
to pole gap ratio increases. (The PANDIRA computed peak
fields used correspond to the computed REC case shown in
Figure 2.) Nat shawa an Figute J is the case where an 8.5
em steel pole with flush REC was substituted for the
Vanadiwm Permendur pole. The steel pole configuration
gave only 0.8% loss tield at 5 g/% tatio of D.57, but 5.4%
loss field at 2 9/ ratio of 0.114,

figure & {8 a slice ot of Figure ¥ at a g/ ratio of
0.171, Shown clearly Is when pole thickness-width ratia
decreases the difference between the measured peak field
and the computad peak tield decreases. Also demonstrated
is the importance of the transverse end configuration. Of
the configucations tested; highest peak fields were produced
in the configuration where the blocks  extend
beyond/overhang the pole in all the transverse dimension
except toward the midplane.
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Flgure 4

To see how transverse field quality is influenced by pale
width and traneverss end configuration, transverse fleld
profiles were measured for combinations of pole widths and
transverse end configurations at various g/h ratios.
Figures 5 and & show Held guality (expressed as the
differonce between the measured ceatral g freld and the
measured gap field away from the pole center normalized
with the central gap field) as a function of pole overhang
(normalized in half-gaps). Figqure 5 shows results for a
g/\ rtatio of D.!71 and for configurations with B.5 em pole
widths, The theee different configurations with the
Vanadium Permeadur pole give very similar curves which
indicate that the transverse field profile is dominated by the
ferromaynctic pole. The less permeable steel pole requires
a greater pale overhany ta produce the same field quality
than the Vanadium Permendur pole cases, Figures 63, 6b &
6c shaw field quality for thres diffcrent g/ ratios for the
flush configuration with three different pole widths, The
data indicotes that for = given fleld quality, the



required pole overhang decrcases with incruasid o/h and
decreases with pole width. Good field aperture width s
given by pole width less twice the required pele overhanyg,

Design Example

Recently, the magnetic design was completed for the
LLNL Beam Line VIII Wiggler; a 1% period variable gap
wiggler with a 1285 cm period length® Design criteria
includes a gap field greater than 1.24 Teslas al a 2{ mm gap
(/% = (L163) and 3 3% field talecance for the 24 cm
aperture over a peak gap field range fram 0.01 Teslas to
1.24 Teslas.

The test data® was used to estimale the magnetic
structure dimension. INdFe was selected as the active
material for its higher field strength and estimated lower
unit cost. Pole malerial is Vanadium Permendur. Final
configuration was based on the 2-D and pseudo 3-D analysis
which was verified with a scaled model. The Final magnetic
structure configuration is shown in Figure 7 along with the
magnetic measurements fram the 7 cm petiod scaled
model. For a 21 mm gap (g/ = 0.153) a pezk field of 1.39
Teslas was measyred, the pseude 3.D analysis computed
1,49 Teslas, 3 4% difference which shows that the
computations and measurements compare well, With the 3%
ficld toletance on the peak field, a minimum good ficld
aperture of 2.9 cm is gbtained; for a 2% field tolerance the
good field aporture is 2.2 cm.
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